ABSTRACT The accuracy of Papanicolaou (Pap) smear testing can be measured using the cytohistological correlation and discrepancy method. This study aimed to evaluate and compare the cytohistological correlation and discrepancy of the conventional Pap test with the corresponding histopathology and to compare the data with other similar studies. A retrospective study was performed at the pathology department of a referral hospital in Muscat, Oman, over a 5-year period. Of 6000 Pap smears, 162 had matching histopathology results (abnormal smear rate 2.7%) but 10 were unsatisfactory for histological diagnosis. Cytohistological correlation was seen in 96/152 (63.2%), while discrepancy was seen in 56/152 (36.8%). False negatives and false positives were found for 7 and 49 cases respectively. The findings of this study confirm the role of conventional Pap testing as a screening test for the diagnosis of cervical lesion but not for management of patients. In comparison with other studies, we also report a low percentage of abnormal Pap smears. 
Introduction
After breast cancer, cervical cancer is the second most common cancer in women worldwide and considered to be the major cause of death from malignancy in women in developing countries (1) (2) (3) . In Oman, cervical cancer is the third most common cancer in women with a rate of 6.3% (4) . The main cause of increasing cervical cancer is not known. However, many studies report that exposure to human papilloma virus (HPV), active sexual life, multiparity, hormonal contraception, genetic factors and smoking may contribute to the initiation of cervical cancer (5, 6) . Cervical cancer screening programmes play an important role in the reduction of cervical cancer in developed countries (7) . However, in many developing countries cervical cancer screening programmes have not been implemented.
Despite the lack of a standardized method for the cytohistological correlation of cervical lesions, many studies show that this correlation gives a high detection rate (8) (9) (10) (11) . In fact, it is considered to be a method to detect medical error in the histopathology laboratory (12) . This correlation evaluates the accuracy of cytological examination when false negative and false positive findings are present. Histopathologic examination is the gold standard. This correlation is also useful for continuous quality improvement, which is a must for many cytology laboratories, in particular, those laboratories that apply the Bethesda system in their diagnosis (13, 14) . To our knowledge, this is the first study in Oman to evaluate and compare the cytohistological correlation and discrepancy of conventional Papanicolaou (Pap) smear testing with the corresponding histopathology and to compare the findings with other similar studies.
Methods

Study design and setting
A retrospective records review was performed of a period of 5 years from January 2006 to December 2010 in the Department of Pathology, Sultan Qaboos University Hospital, which serves as tertiary referral hospital in Oman. The records of all patients who had conventional Pap smears were included. Of 6000 Pap smears recorded during the study period, 162 had matching histopathology records.
This study was conducted after an approval from the medical research committee and ethics committee (MREC # 409) of the College of Medicine and Health Sciences, Sultan Qaboos University, Oman.
Laboratory methods
For Pap staining, 2 slides were fixed in 95% ethanol for 15 min, followed by immediate dipping in 50% ethanol for 2 min. After that, the slides were washed in tapwater for 10 seconds. After the water was removed from the slides using tissue papers, the slides were kept in Harris haematoxylin stain for 1 min. Then the slides were washed in tap water until clear. The slides were then differentiated with 0.5% acid alcohol for 2-3 quick dips. The nuclear stain was checked under light microscope to ensure the clarity of the nuclei. The slides were washed in water for 10 s followed by 10 dips in 2 changes of 95% ethanol. Immediately, the slides were placed in OG-6 for 3 min. The slides were dipped in 2 changes of 95% ethanol for 10 dips each. After that, the slides were placed in EA-50 for 4 min. The slides were dipped in 3 changes of 95% ethanol for 10 dips each. Then, the slides were dipped in 3 changes of absolute ethanol for 10 dips each. The slides were dipped in 3 changes of xylene for 15 dips each. Finally, the slides were mounted in DPX synthetic resin.
For histopathologic diagnosis, cervical punch biopsies, cones or pieces of hysterectomy specimens were fixed in 10% neutral buffered formalin for 24 hours, histoprocessed, cut into 3 µm thickness diameter and stained with haematoxylin and eosin method as follows: sections were stained with haematoxylin for 10 min. The slides were then washed in running tap water. They were differentiated in 1% acid alcohol for 5 seconds and blued by immersing in Scott tap water for a few seconds. They were washed well in water. The nuclei were checked under the microscope for proper differentiation. The sections were stained with eosin for 5 min. Then, slides were washed in water. Next, they were dehydrated through graded alcohol, cleared in 2 changes of xylene and mounted in DPX.
Cytological and histopathological diagnosis
Cytology was performed by different available histopathologists over a period of 5 years. Cytological diagnosis was classified into 6 categories: unsatisfactory, borderline nuclear changes, mild dyskaryosis, moderate dyskaryosis, severe dyskaryosis and carcinoma. Histopathological diagnosis was also classified into 6 categories: unsatisfactory, benign, cervical intraepithelial neoplasia (CIN) 1, CIN 2, CIN 3 and carcinoma. Dyskaryosis in cytological diagnosis is equivalent to CIN in histological diagnosis. Thus, mild dyskaryosis is equivalent to CIN 1, moderate dyskaryosis to CIN2 and severe dyskaryosis to CIN 3.
Results
A total of 6000 gynaecological smears were found. The patient age range was 18-80 years, with a mean age of 40.0 years. The frequency and percentage of various cytopathological findings are shown in Table 1 .
Cervical smears with corresponding histopathology were found in 162 cases. Table 2 shows that 6.2% (10/162) cases were unsatisfactory for histological diagnosis, whereas 75 (46.3%) cases were benign and only 8 (4.9%) cases were carcinoma.
Cytohistological correlation was found for 96/152 (63.2%) cases, whereas discrepancy was found for 56/152 (36.8%).
There were 7 (4.6%) cases of false negatives. Three cases were misinterpreted as cells of borderline nuclear change in cytology and turned out to be CIN 2 in histopathology. The other 4 cases were reported to have severe dyskaryosis in cytology and turned out to be carcinoma in histopathology.
There were 49 (32.2%) cases of false positives. The highest number (17) were seen in mild dyskaryosis which turned out to be benign in histopathology (Table 3) .
Discussion
The sensitivity, specificity and accuracy of the Pap test were not measured in this study as we were unable to measure the true positives and true negatives in this study. As an alternative, the cytohistological correlation and discrepancy of Pap testing were measured. Many studies too have measured the accuracy of the Pap test using the same method (15) (16) (17) (18) (19) (20) (21) . We report 63.2% and 36.8% for the cytohistological correlation and discrepancy of Pap smears respectively. These findings are in line with the ranges reported in the literature from similar studies, i.e. 51.2-77.5% for cytohistological correlation and 22.5-48.8% for discrepant cases of Pap smears (15-19) ( Table 4 ). The cytohistological correlation of this study showed that Pap testing was more sensitive in detecting borderline nuclear changes and CIN 1 than CIN 2 and 3 and carcinoma. This finding differs from other studies (18, 22) .
False negative findings in the diagnosis of Pap smears is a major concern to patients, clinicians, cytoscreeners and cytopathologists. To a lesser extent, a false positive finding is less important than a false negative finding. In this study, we found a rate of 4.6% (7/152) and 32.2% (49/152) for false negative and false positive findings respectively. Another study reported a higher false positive rate of 43.0% (161/374) (15).
Most pathologists worldwide are better trained in histopathology examination than in cytological interpretation (23) . Furthermore, it is noteworthy that tissue interpretation is easier than cytology preparations (24) . The absence of specialized cytopathologists for the diagnosis of cervical lesions may contribute to the discrepancy. In our department, Pap smears are first screened by a cytotechnologist and if an abnormal smear is found then the histopathologist evaluates the smear. This procedure is applied worldwide (15, 25) .
Conventional Pap smears were used throughout this study. During conventional Pap smearing, drying artefacts, inadequate fixations, background materials and thick smears are frequently present. Another study reported that air drying artefacts were the main reason for the 72.7% discrepant cases they observed (16) . These drawbacks increase interpretation errors. It has been reported that in liquid-based cytology, such as ThinPrep processor, AutoCyte PREPTM System or other similar processes, prevent air drying artefacts, have minimum background material and increase the cellularity is (26) . In our department, the ThinPrep® system was initiated only in 2012 and its application might have led to different outcomes.
Another study reported that specimen collection, handling, fixation, staining and the experience of the screener and cytopathologist may contribute to the false negative rate of Pap smear accuracy (18) . It was outside the scope of this study to investigate the factors that may have contributed to the discrepancy.
The findings of this study showed that abnormal cases of Pap smear were 162 out of 6000 (2.7%). This finding is consistent with data from the neighbouring country of Saudi Arabia, where 368 out of 22 089 cases showed abnormal Pap smears (1.7%) (21) . Another recent Turkish study showed a similar finding (3%) (27) . Overall, the rate of abnormal Pap smears in developing countries ranges between 1.5% and 6% (28) . Also, our rates of mild dyskaryosis (0.7%), moderate dyskaryosis (0.6%), severe dyskaryosis (0.2%) and carcinoma (0.2%) are close to the findings of another study performed in Saudi Arabia, where rates of 0.28%, 0.2%, 0.12% and 0.09% were reported, respectively (21) . In comparison with developed countries, the prevalence of CIN 1 in USA and Australia were 2.6% and 5.6% respectively (29, 30) . Thus, the grades of cervical lesion are low in our study. A total of 320 (5.3%) out of 6000 cases were reported as unsatisfactory for cytological diagnosis. This could be due to sampling errors, air drying artefacts or obscuring blood and inflammatory cells. Worldwide, histological examination is considered to be the gold standard for the diagnosis of cervical lesion (31) . In comparison with histopathological examination, cytological examinations have many advantages. First, the disease progression can be monitored simply. Secondly, the procedure is not invasive. Thirdly, repeat specimens can be obtained easily. Finally, the diagnosis is fast. However, there is a concern about the accuracy of cytopathological reports (32) . Thus, in our hospital, the cytological report is useful in pre-diagnosis of early malignancy but not for the management of patients. Confirmation by cervical biopsy is essential in the treatment of patients. In this study, histological examinations were graded using the CIN system, whereas Pap smears were graded using the British system for cervical diagnosis. These 2 systems do not correlate exactly. Even with the 2001 Bethesda system, variations are present in both systems (12) .
We should point out some weaknesses in this study. First, this study was performed in one hospital, which is located in the capital city of Oman, Muscat. Thus, we cannot generalize the data to all Omani women, especially those who live in the rural areas, where cervical cancer rates are usually high. Secondly, the absence of a cytoscreener and histopathologist experience, which might contribute to the false negative and false positive findings in this study. Thirdly, sampling and interpretation errors were not evaluated. Finally, all Pap smears were performed using conventional methods; the use of monolayer preparations might have given different findings.
Conclusions
The findings of this study-slightly high cytohistological correlation, slightly low cytohistological discrepancy, a low false negative rate and high false positive rate-confirm the role of conventional Pap test as a screening test for the diagnosis of cervical lesions but not for the management of patients. In comparison with other studies, we also report a low percentage of abnormal Pap smears. 
